Introduction
Obesity, hypertension and dyslipidemia are regarded as metabolic risk factors for atherosclerotic diseases; therefore, understanding the pathophysiology of metabolic risk factors is a key to controlling atherosclerosis [1] . The number of individuals with such metabolic risk factors is increasing [2] . Oxidative stress is generally considered to play a crucial role in these metabolic conditions [3] . Oxidative stress is a direct and/or indirect initiator of the oxidation of molecules such as lipids, proteins and nucleic acids as well as endothelial dysfunction [3, 4] . This can be seen in arthrosclerosis-free individuals, and furthermore, subsequent atherosclerotic formation causes a vicious circle via oxidative stress induced at atherosclerotic sites [3, 4] . Therefore, it is important to evaluate oxidative stress in a primary risk assessment for the prevention of atherosclerotic diseases, and more studies using oxidative stress markers are needed in preventative settings.
There are presently several methods to measure oxidative stress. 8-hydroxydeoxyguanosine (8-OHdG) is generated from guanine in DNA bases by oxidative stress [5, 6] . The measurement of 8-OHdG excreted in urine quantitatively may reflect systemic oxidative stress [5, 6] . While the respective features of the oxidative stress markers remain incompletely established, 8-OHdG is known to have a unique ability to evaluate a DNA injury which participates in the pathophysiology of metabolic risk factors and atherosclerotic diseases [7, 8] . In addition to this feature, as the improvement of analytical methods has made measurements easy and reliable [9] , 8-OHdG has recently become one of the most widely used markers of oxidative stress [7, 8] . Despite this, there are few studies that examine simultaneously and comparatively the relationship of 8-OHdG with some metabolic risk factors, while the association between urinary 8-OHdG and single diseases such as hypertension [10] or diabetes mellitus [11] [12] [13] has been reported. The aim of this study was to investigate the relationship between metabolic risk factors and oxidative stress using urinary 8-OHdG, a recently utilized biomarker, in asymptomatic subjects.
Subjects and Methods
A total of 90 asymptomatic subjects (females: 60, males: 30; mean age: 52.2 8 7.6 years, range: 40-69) participated in this study. Consenting participants were recruited from among community-dwelling volunteers in a health education class setting. The ethics committee at Jichi Medical University approved the study. All eligible participants were nonsmoking and nondiabetic individuals who had no known history of cardiovascular, cerebrovascular, kidney or liver disease. In addition, they were not currently taking any medications, including antioxidant agents. Concomitant with self-reports, the absence of diabetes was initially checked by plasma glucose concentrations in a fasting blood test ( ! 6.1 mmol/l, the level as previously reported [14] ).
A fasting blood sample and spot urinary sample were collected from each individual in the morning before breakfast (7: 00-9: 00 a.m.). The body mass index (BMI) was calculated as the weight divided by the square of height (kg/m 2 ). Systolic and diastolic blood pressure were measured 3 times in the arm of each patient in the seated position after a rest for a minimum of 5 min, and the average values of these 3 measurements were used in the analyses. Serum total cholesterol and triglyceride (TG), plasma glucose and urinary creatinine were measured by enzymatic methods supplied by Eiken Kagaku Co. Ltd. (Tokyo, Japan) and Shino-Test Co. Ltd. (Tokyo, Japan), respectively. High-density lipoprotein cholesterol (HDL-C) was measured by a direct assay (Kyowa Medics Co. Ltd., Tokyo, Japan). Urinary samples were centrifuged at 300 g for 10 min and the supernatant after dilution was applied to an enzyme-linked immunosorbent assay kit with a highly sensitive monoclonal antibody to 8-OHdG (N45.1 [15] ) supplied by the Japan Institute for Aging (Shizuoka, Japan). The creatinine value was used for correction of urinary 8-OHdG concentrations. A stable correlation between spot urine levels and 24-hour excretion of 8-OHdG had already been established [16] . The inter-and intra-assay coefficients of variation were 2.1 and 4.5%, respectively.
Data are expressed as the mean 8 standard deviation or median and interquartile range. Pearson's correlation test and a multiple linear regression analysis adjusted for all the measured variables were used to observe the correlations between 8-OHdG and the other variables. In these analyses, the log-transformed values of 8-OHdG and TG were used because of their skewed distributions. p ! 0.05 was considered to be significant. The statistical analyses were performed with the Statistical Package for Social Science (SPSS) version 11.0 for Windows (SPSS Inc., Chicago, Ill., USA).
Results
The subjects' clinical characteristics are presented in table 1 . Simple correlations demonstrated that the levels of TG (positively) and HDL-C (inversely) were significantly correlated to those of 8-OHdG, respectively, as shown in table 2 . Similar results were detected when TG and 8-OHdG were not log-transformed: there was a significant and positive correlation between TG and 8-OHdG (Spearman rank correlation test; r = 0.245, p = 0.020) as well as a significant and inverse correlation between HDL-C and 8-OHdG (r = -0.324, p = 0.001). A multiple linear regression analysis, adjusted for age, sex and all the measured variables, revealed only TG to independently show a significant and positive correlation with 8-OHdG. No other variables showed any significant correlation.
Discussion
Among several metabolic risk factors, TG was the only metabolic risk factor which weakly but significantly and independently correlated with 8-OHdG in the asymp- tomatic subjects. The results of the present study are consistent with previous findings that show the correlation between TG and hyperoxidative stress using different markers: plasma 8-epi-prostaglandin F2-␣ [17] ; oxygen radical generation and superoxide scavenging activity by monocytes [18] ; reactive oxygen species-release by leukocytes, lipid hydroperoxides and plasma antioxidant enzymes [19] . Our present data appear to be meaningful in reinforcing and expanding these observations by establishing the use of a recent biological marker.
The significant correlation between increased levels in TG and such oxidative stress markers is also valuable because TG has not necessarily been a representative metabolic risk factor for atherosclerosis in comparison to other atherosclerotic factors such as blood pressure and cholesterol [20, 21] . The data from these studies, including the present findings, may contribute to a better understanding of the underlying role of TG in the prevention of atherosclerosis. While the detailed molecular pathways involved are yet to be determined, TG has been suggested to trigger a hyperoxidative stress environment [17] [18] [19] . These reports imply that TG may stimulate the production of reactive oxygen species and impair the antioxidant defense system [18, 19] . Moreover, some reports describe an influence of TG even greater than that of glucose [18] and cholesterol [19] . An additional mechanistic view of the relationship between TG and oxidative stress suggests that the effects of obesity on TG for oxidative stress may occur because an excessive accumulation of TG in adipocytes accompanying hypertriglyceridemia is found in obesity [22] . However, BMI was not significantly correlated with 8-OHdG in the present study. This mechanism, even though true, might be partly weakened by the fact that the Japanese (especially communitydwelling individuals such as the present study participants) have a lower BMI than Caucasian populations [23] .
Although the correlations between the other oxidative stress markers and metabolic risk factors, except for TG, have previously been documented [10, 11] , the present study showed weak correlations between 8-OHdG and BMI, systolic blood pressure, diastolic blood pressure, glucose, total cholesterol and HDL-C. This may be partly explained by the minor abnormality in the degree of blood pressure, plasma glucose and cholesterol in our study population in a preventative setting. Furthermore, this could affect the significant but weak correlation of TG to 8-OHdG. Although a reciprocal association between TG and HDL-C is often observed in individuals with insulin resistance and metabolic syndrome, the lack of a significant correlation of HDL-C to 8-OHdG might also be partially explained by this population. In addition, the response to the various metabolic risk factors can differ according to oxidative stress markers. Dietary habits [24] and mental states [25] may be related to the state of oxidative stress. Residual chronic diseases unidentified in the present study may also affect the measurement. These points are all considered to be limitations of this study, and therefore comparative studies using various markers, including more detailed assessments on dietary, mental and physical aspects, should be performed in future research.
Conclusion
TG was the metabolic risk factor found to independently have a significant and positive correlation to urinary 8-OHdG, a recently utilized biological marker of oxidative stress, in an asymptomatic population. Future studies must determine whether the management of TG can effectively prevent the production of oxidative stress. 
